Abstract
Introduction
The proliferation of digital libraries in the last few years have led to the development of various digital library collections and services. There are many on-going digital library projects in different parts of the world. Digital Library Initiative Phase 1 and Phase 2 [1, 2] projects in the US and eLib phase 1, phase 2, and phase 3 projects [3] in UK have played a key role in digital library developments. These research projects introduced many research issues such as collection development, collection management, collection format, organisation, storage, user interface, retrieval, search features, display format, networking, and so on. Advances in network technology, image-processing software, multimedia software coupled with telecommunication technology have improved the various collections of digital libraries in various forms and formats. Some digital libraries have special collections such as multi-media documents, audio, video, images, photographs, maps; while others have combination of general and special collections in digital and print form.
Problems of Users in an Academic Community
The academic community is possibly the largest and the most important user group of digital libraries. User requirements from a digital library are influenced by their nature of work, affiliation, educational background, accessibility to technology, and so on. The nature of work of staff, students and researchers vary according to their tasks in an academic setting. In the Internet era, users can obtain information from various sources in various forms and formats available anywhere in the world. The Internet is growing rapidly in terms of the number of users accessing it, the amount of information created and accessible through it and the number of times users use it everyday in order to meet their information needs [8] . The same way Intranet is also growing rapidly, particularly to meet information needs of an academic community in an institution.
The problems faced by the users of a digital library are manifold. First of all, they do not know which information source may be appropriate to accomplish a particular task or to resolve a particular problem. Secondly, even if users are aware of the existence of a particular information source, they may not know where and how to locate it, and finally how to retrieve the information. Current digital libraries, and the Web as well, expect users to know what they want and also expect them to formulate a query to represent their information needs, or to map their query onto the, often unknown, knowledge structure (subject directory). This is not an easy job. Moreover, users information needs are related to their tasks, and current digital information systems, such as those obtained from digital libraries or the Web, are not organized to match the various tasks that users perform. As a result, users may often use trial and error methods by frustratingly moving from one Web page to another or from one information resource to another resulting in a waste of time and energy.
Review of Related Work
Some recent research efforts have been directed to build personalised digital library environments. These studies can be grouped into three categories: User needs assessment, personalised user interface and personalised digital library. Adams [9] conducted a series of studies to collect data from which access and delivery policies would be developed for electronic library users. These studies specifically focused on faculty needs, attitudes and expectations for library and information services. Wilkins [10] examined the work-related information needs of professionals and managerial staff of a large university. Hayes [11] argues that the academic library must find ways to better service the professional staff in institutions of higher education, as the information needs of this user group have greatly expanded in recent years.
Zhang [12] conducted a survey among college faculty and staff at the Olin Library, Rollins college, Florida, to study the use of electronic library and information technologies and evaluate user's information needs, expectations, and the quality of services. The University of Iowa created User Needs Assessment Projects [13] to assess library user satisfaction with current information services and resources, to learn how undergraduates access library resources, to identify undergraduate perceptions of library resources and to learn how satisfied undergraduates are with library resources and services and to identify undergraduate unmet needs. Amato and Stracia [14] designed a user profile model representing users' information needs. They propose a profile schema for digital library users.
Cornell University's library [15] conducted a comprehensive user study to design the next generation electronic library system that provides access to over 600 information resources. Marchionini and Komlodi [16] review literature on user interfaces particularly in digital library environment and suggested to have task based digital library. Michelle [17] discusses about a user-centered interface for information exploration in a heterogeneous Digital Library. Tennant [18] identifies several skills including user interface design skill, needed to create and manage digital library collections and services.
Zhao [19] discusses the Personal Digital Library (PDL) that acts as a front end to other electronic library systems and manages the user's information needs. The main focus of the system is adaptive contents whereby users have their own personal and personalized databases. Barry and Barbara [20] discuss the creation of personal digital libraries. The North Carolina University Library (NCSU) developed MyLibrary@NCState [21] as a portal application to the NCSU Library's information resources, which allows user profiling to build a dynamic, customized gateway to both general and discipline specific resources. MyLibrary [22] is a Cornell University Library initiative to provide personalized library services to their students, faculty, and staff on the basis of a focus group study to gauge library users. The MyLibrary project has two components, MyLink and MyUpdate. MyLink facilitates their patrons to save useful information resource links that they found themselves or ones suggested by librarians via a targeted notification in their personal space. Users can access this personal space from any place. MyUpdate periodically queries the on-line catalog and notifies the users, which match the predefined needs of a user. MyUpdate service is in the developmental stage.
At the Nanyang Technological University Library in Singapore, the Gateway to Electronic Media Services (GEMS) [23] serves as a vehicle to deliver a range of information resources to all staff and students in the campus. GEMS has two components namely collections and services. The services include cross-media services, multimedia, databases and e-journals, e-documents, Internet, resource booking and OPAC. GEMS's MyNTU offers various information resources to their members under eight categories. This service offers electronic information resources such as calendar, course, campus information, student contact, survey/subject option and what's new.
HeadLine [24] is one of the eLib programme's Phase 3 projects, developing a hybrid library system called the HeadLine Personal Information Environment (PIE). This PIE uses portal-type technology to present an information environment that is personalized to the user's needs and allows user customization. This project presents users with pages of resources relevant to their courses/department. PIE users are also provided with an "All resources" page which contains all of the resources to which their library provides access. Users can create their own lists of resources on their own pages.
The MyLibrary and HeadLine projects are designed to provide users with links to information resources. Users can add the required information resources in their list and use the resources from any place, any time. Each user can have the liberty of adding information resources according to their needs and requirements. These research projects have solved user's problem to some extent by presenting a list of information resources that are relevant to the user needs. Nonetheless, in both of these projects, users are still expected to browse through a potentially lengthy list of resources and pick up the relevant ones and organise them in such a way themselves in order to facilitate easy access in future. The ability to effectively and efficiently organise and maintain these resources over time by the users themselves will have an impact of how well they can serve the needs of these users.
Another common problem faced in the digital library environment is that needed resources are generally scattered all over the place. At the same time, the list of resources offered by projects such as MyLibrary and HeadLine may not be adequate in coverage. When this happens, users have to traverse from one server to another, or from one information resource to another in order to find the information to meet their needs.
A related problem is the rapid and ongoing growth in the number of potential resources thereby making it difficult for users to keep in tune with these new additions and to identify the needed resources from a pool of ever-increasing resources.
Building a DWE using a task-based design provides an appropriate mean and solution to organise and group these resources according to the tasks needed to accomplish different types of jobs. The DWE has the potential to resolve the users' problem of the need to have a one-stop environment that serves to aid the user to locate, access and use information directly, and to meet their information needs according to tasks. Obviously, some form of updating and weeding activities are needed to continually maintain the different sets of most relevant information resources that are assembled together to aid users complete their chosen tasks. Even when this happens, it is recognised that it is impossible to meet users information needs in totality for obvious reasons. Nonetheless, it is an attempt to move towards a more ideal situation.
In this paper, we propose such a digital work environment (DWE) that aims to provide users with the appropriate information needed to accomplish a particular task. The system is based on an analysis of the various tasks of users in an academic institution. The basic tenet is that the users need not know about the existence (or non-existence) of a particular information source nor do they need to formulate a query to look for an information source. The proposed DWE expects a user to identify a particular task that he/she wants to accomplish at a particular moment, and the system, based on its knowledge about the given users as well as of the various information resources and their suitability to a particular task, will take the user to the appropriate source of information.
The paper describes the general structure and function of the proposed system, and reports on the development of the prototype DWE at Nanyang Technological University (NTU), Singapore. Some outstanding issues and areas of concern and plans for further work are also highlighted.
Objectives and Functions of the DWE
The main objective of the proposed DWE is to provide access to the local digital library collections, to remote digital libraries, as well as to the traditional libraries, and, most importantly, to the vast information resources on the university Intranet. It also provides personal workspace to record or store collected information. The information resources include traditional library collections, digital collections, databases, folders and web resources. The first phase of our research work on DWE, which is reported here, is concerned with the development and prototyping of the DWE based on a pilot user study conducted at Division of Information Studies (DIS), School of Computer Engineering at NTU. The various categories of users, tasks associated with each category, available information resources, user need study and design aspects are discussed. The prototype is developed in a web environment using Tango Enterprises [25] application software that is coupled to the database developed using the Microsoft Access Relational Database Management System. The proposed DWE is designed to perform the following objectives and functions: · To take the users, as and when necessary, to traditional library resources and information resources such as school and office web sites, databases, folders, etc; · To take the users, as and when necessary, to Internet resources and commercial databases; · To take the users, as far as practicable, directly to the information sources once a given task has been chosen; · To provide users personal space to record or store collected information or notes or favorite links or publications; · To filter out irrelevant information resources for a particular task; · To provide user and usage statistics to the management of the university for future planning. The environment relies heavily on the Information Resources that are interfaced to the system to provide the input information to meet users needs. These resources are available in different forms and formats and are placed at different locations such as traditional libraries, digital libraries, web pages, databases, folders, and other locations. There are a wide variety of information resources in an academic environment such as course information, course materials, academic calendar, in-house training, student exchange programme, etc.
Basic Architecture of the System

Information Resources
The Information Resource Administrator is responsible for collecting information about various categories of users, various tasks that are accomplished by each category of users of the digital library community it serves and information resources that are required to accomplish these tasks (such as databases, Intranet folders, library and Internet resources), as well as the necessary URLs and access information to these various resources. The administrator is therefore responsible for the creation and maintenance of the Task database, Resource database, and to link the various tasks to the necessary information resources. The information in these databases is updated regularly or at predetermined frequencies.
The User Manager, as the name implies, overall manages the collection of user-related information, creation of user accounts, maintenance of the User database and users personal space data in the personal database. In all academic environments, information about the community already exists in some form and generally resides in some local administrative database. In the case of NTU, the Centre of IT Services (that is more commonly known as the Computer Centre in many other academic institutions) maintains a database of all categories of users of the university. In order to avoid duplication of the information stored in the User database for DWE, some form of integration and linkage to the existing database is clearly desirable.
The users of DWE include all types of users of the academic community. They interact with DWE to obtain information to accomplish particular tasks that are specific to their vocation. Thus, specific user groups of users needs to be identified, along with their typical tasks and information resources in order for DWE to fulfill its role of being a one-stop centre for information to meet the varying information needs of these users.
The main modules of the DWE are briefly outlined:
The design of a user interface (UI) is a crucial and critical element for the success of any digital library. User interface for digital libraries have to be improved and designed according to the needs of user requirement. Ideally, the interface should provide assistance like that offered by experienced reference librarians. The knowledge of reference librarians in interpreting and responding to user requests and needs provide useful input to the interface design effort. The Control Panel that is seamingly integrated with the UI provides the necessary activation of the relevant modules in supporting the functions of the DWE.
As the result of the varying nature of work accomplished by users of the academic community, varying information needs of users are to be expected. Additionally, the needs of the same user can also change over time. This means that a digital library should be ideally designed such that the interface only presents those part of the information resources that are useful and relevant to the given user at a given point of time. In addition to localised information resources, the system provides other resources such as databases/folders and web resources. In an academic environment, the major tasks of the user community are more or less fixed and therefore, a system based on tasks rather than individual users, will be more stable and portable.
Information Resources Organiser Module
This module responses to the users request through the user interface and interacts with servers in the Intranet, library home page, databases, folders and Internet resources, to bring back the needed information resources to users. Some information resources, for example, e-journals, CD-ROM databases may need authorisation before usage. There is also a possibility of correction or update in the organisations information resources, authorization for information resources, and so on. Such information is automatically brought up to the users' attention when interacting with the system.
Task and Resource Maintenance Modules
These modules are used by the Resource Administrator to append or update the respective tasks and resource databases. The aim is to provide a convenient means to update such information when the need arises. At the same time, it will also check and ensure the integrity of data in the databases prior to any updates.
Statistics Module
This module basically keeps a log of the operational statistics of DWE to provide useful information for the administration and management of the system. Examples of statistics that can be kept and inferred include the number of users using the system during any defined period, identification of frequent or inactive users, frequently used information resources, when individual information resources was last accessed, and so on.
User Authentication and Management Module
This module identifies user when a user login to the DWE through the user interface and interacts with user category database for displaying tasks related to that category of user. This module is used by the User Manager to append or update the respective user and category databases. The users personal database is also maintained through this module.
DWE Prototype Development
A DWE prototype based on the aforementioned architecture has been developed in the Division of Information Studies, School of Computer Engineering, NTU. This section reports on a number of issues addressed in the development of the prototype system.
Identification of Information Resources
The NTU library is a major information resource centre for the NTU academic community. It consists of three sub-libraries: Library 1 with bulk of the Science and Technology collection, Library 2 with accounting, business and economic collections, and the National Institute of Education (NIE) library with a strong education, humanities and social science collection. The NTU library has collections of periodical titles, reference materials, reserve book collection, course materials, CD-ROM databases, e-journals multimedia databases, video and audio CDs. It has a collection of 5,76,000 volumes or 3,54,000 titles and subscribes to more than 2000 periodical titles [26] . Many of the periodical titles are available in electronic format.
The NTU library provides links to various information resources for faculty and students through its home page. Within NTU, information resources, other than library resources, such as databases/folders, web pages, and so on are spread in different schools, Centre for Information Technology Services (CITS), Registrar's office, various offices of the university and divisions (departments) of various schools. Apart from that, each school maintains home pages of their own to provide information pertaining to the particular school. The school home pages contain information on various courses, laboratory schedules, course materials, in-house training facilities and programmes, exchange programme, alumni association, club activities, and links to various other information resources.
CITS provides and manages the central IT infrastructure and services to support the teaching, research, administrative and social needs of the campus community. NTU's IT infrastructure is a high performance campus wide computer network which links together all computing systems on the campus, and enables the campus community to communicate world-wide with their counterparts via the Internet, and to tap the vast information available there on the web. The electronic messaging system based on MS Exchange messaging system is available to all staff and students. The MS Exchange message system facilitates academic community to exchange information on computers, societies, religion, music, hobby, entertainment, staff notice board, student notice board, student and staff forms and procedures, philosophy, photography, etc. This centre makes available various software to campus as well as remote users of NTU staff and student.
The identified information resources, databases, folders and web resources of NTU is partly shown in Figure 2 . The first level shows the NTU home page [26] , while the second level shows various links to offices, schools, research centres, graduate courses, research activity, etc., that are accessible from NTU's home page. The third level shows information resources available in each School (only three Schools are shown in the figure) and the fourth level shows various information resources available at the department level. For example, DIS home page that is one of the three Divisions of the School of Computer Engineering. Not all Schools within the University have a uniform set of resources. These resources can varyingly include staff publications database, reports, dissertations database, patents database, standards, consultant services offered to outsiders, equipment, instrument database, forthcoming conferences, reports, dissertation guidelines, and so on. For example, two Schools may have their proprietary patent databases while a third School does not have one currently. When such a database is required for the third School, it can either adopt one of the existing databases, or create a new proprietary database to serve its specific needs. Links will be provided by DWE for access to these databases.
Due to lack of standardisation, the same resource may be described differently across Schools. For example, staff addresses are alternatively referred as "staff", "people" or "contact information". Likewise the contents of the same information resource are not uniform. Standardisation of information resource name or descriptors is needed to provide links for easy understanding and portability.
It becomes a requirement for the Information Resource Administrator to use proper terminology to describe individual information resources uniquely, to create the corresponding descriptors, and to maintain the Resource database regularly to ensure that the resource information is kept up-to-date. In view of system security, modifications to the Resource database can only be carried out by the Information Resource Administrator through the Resource Maintenance Module.
Identification of various user categories
NTU is organized into eleven Schools; each School is further divided into Divisions. The university offers many undergraduate and post-graduate programmes by coursework as well as by research. Research and development (R&D) form an important part of the University activities. The student strength is approximately 19,000. Academic staff strength is 1,022 and non-academic staff strength is 1,549. Research Fellows and Research Assistants are also employed to spearhead and assist in research activities in the University.
In most academic environments, the university's calendar and library handbook provide a useful source of information to identify the various categories of users in the environment. The NTU Calendar [27] provides information on various courses such as undergraduate, graduate, research and short-term courses. The NTU Library Handbook [28] provides information about the various categories of users. These identified categories of users are verified with a number of faculty, student, and library staff (Figure 3) .
Identification of Various User Tasks
The information needs of each category of users may vary according to their nature of work and varies from school to school and division to division in the academic environment. The various tasks associated with each categories of users are identified on a detailed study of the NTU calendar, University's Intranet, School of Computer Engineering home page [29] , DIS home page [30] , and the various brochures of the School and Division. For example, the tasks of the faculty member includes teaching, tutorial, supervision of students thesis, dissertations, research work, professional work, administrative work and other recreational activities such as sports, games, cultural activities, arts and music. Research students' tasks are identified as registration, research, tutorial, enrichment course and other recreational activities similar to that of Staff. The various categories of users and their tasks are identified and shown in Figure 4 . The various information resources needed to perform each task and for each category of users are identified through discussions with 2 faculty members, 5 research students and 69 graduate students. During the discussion, faculty members were shown the various tasks and information resources collected from various sources in the university. Faculty members and students were also invited to suggest additional information resources for each task during the discussion.
These discussions were useful for confirming the links of the information resources that are subsequently stored in the task and resource database. It also forms the basis for the design of the DWE prototype for the academic community of DIS. 
Other activities
User Categories (in DIS)
Implementation of DWE
All users (Resource Administrator, User Manager and Users) interact with the DWE through a unified web interface via a URL. This section briefly describes the main issues in the implementation of DWE, namely, UI/Control Panel development, and design and maintenance of the various databases of the system.
User Interface/Control Panel Development
The Tango Enterprises application software was used for the development of DWE interactive user interface. The system uses Tango application files (written using HTML code, SQL Commands, JavaScripts and Java applets) for creating dynamic web sites that are integrated with MS Access database system. Users' requests are submitted to the Tango Server where all application files related to the DWE are stored through a web server that has the related Common Gateway Interface (CGI) or Plug-in programs. This Tango server works as a middle layer between the users through a web server and the MS Access database through a Data Gateway.
In this set up, the browser (client) request is made using the HTTP protocol to the web server. The server receives that request and recognizes it as a Tango application request. The web server passes the request to the Tango server either through the CGI or through a plug-in created to one of the two supported standards, namely, Netscape's Application Programming Interface (NSAPI) and Microsoft's Internet Application Programming Interface (ISAPI). The Tango server processes the request and executes the application files. The application file contains one or more actions necessary to interact with users to get the required information. These application files are developed to create or update tables, to search or prepare reports, to display various tasks and information resources. Results from a database action are processed by the Tango server using the ResultHTML associated with the action. The composed HTML accumulated by several actions is consolidated into an HTML page that is then returned to the web server, which in turn, channels the output to the originating web browser. The DWE interface is frame-based as shown in Figure 5 . The interface is divided into four frames: Task, Resource Group, Resource and Display. The Task frame displays the institution name, institutions' logo, a personalised welcome message, link to user's personal folder, and various tasks associated with the users' category alphabetically. The user selects the appropriate tasks from a drop-down list. This will activate the related resources associated for the task in the Resource Group frame. Thus, the Resource Group frame is used to display the various resources by group for each selected task alphabetically. Upon selecting an appropriate resource group, the Resource frame displays the various information resources that can either be arranged based on users' preferences or by the frequency of usage of the information resources. The final Display frame is used as the main information browsing window to display the content of the selected resource.
Design of the appropriate databases
The identified user categories, user tasks, and the information resources are organised in a suitable form for easy and effective retrieval and for processing the collected data to serve users in an efficient way. MS Access was used at the backend for creating, maintaining and updating of tables and data. The system uses the following five tables to define and store and various data entities, namely, user information, user categories, tasks, information resource and user personal tables. The attributes of the various tables and their relation (E-R diagram) are shown in Figure 6 . In the figure, entities are shown as boxes, attributes represented by ovals, and relationship types represented by diamonds. Figure 7 shows the process to create a new category of users while Figure 8 shows the process to delete a user category. Figure 9 shows the process to update data in the resource table. Figure 10 shows the process to update the task 
Process of Using DWE
Using DWE is intuitive, simple and straightforward. A user enters the DWE URL on the web browser to be prompted to enter the user identification and password. Upon successful authentication, a personalised greeting message is displayed to the user. The user will navigate and activate the various frames of the DWE interface to select tasks, information resource groups and information resources. As an example, Figure 11 (a-c) illustrates the step-by-step process of a student user using DWE on an examination-oriented task to get access to past question papers.
Although not immediately obvious in these figures, a number of information resources that are not needed for examination work, for example, guidelines to write thesis/dissertation, CD-ROM databases, etc., are automatically filtered out from the display list so that only the information resources needed to perform a particular task is displayed.
Personal Folder
The DWE also incorporates a personal workspace for user to store and access various information at a later point in time. Three options are presented to the user when the 'Your personal folder' hyperlink is activated, namely, favorite links, publications and personal space. The favorite links option is used to store a user's favorite or frequently used URLs, This basically provides a convenient bookmark facility for users to revisit stored URLs, or to update or add new URLs. Links to full-text paper is stored under the publications link option. User can make notes on important quotes, texts or other annotations and store them in the personal space. This information is indexed using a full-text retrieval software, dtSearch [31] , that is integrated with the DWE to support subsequent query and retrieval. 
Advantages of DWE
From the review of related work, it is evident that there are but a few projects that provides a personalised digital library environment covering various forms and formats of information resources. Most of such existing DLs concentrates on a fixed set of documents, or make assumptions on specific user profiles or department profiles to derive a set of related information resources. The proposed DWE differs from others since users have access to a myriad of information resources that are directly task-oriented accordingly to their needs. These information resources come from heterogeneous sources including local databases, folders, online databases, university's Intranet and the Internet resources. It interacts and provides users with a personalized service to provide the right information resources in a right form with less user time and effort. This personalisation implies that the DWE UI is user and task-based so that it changes accordingly for different user categories and selected tasks.
New users who are unfamiliar with the relevant information resources for specific activities will also find DWE particularly helpful since it automatically lists these resources needed for that activity. The system does not restrict access to information resources that are needed to perform a particular task, but filters out the unwanted information resources thereby saving user search time. The personal workspace in DWE is a value-added feature for users to record/store frequently used hyperlinks, publications, references, notes or materials needed for future use or for reference.
The system architecture is flexible and is designed to be adaptive in order to accommodate changes or addition in the number of users, number of tasks as well as any number of information resources, databases, folders that can be added or deleted in the information resource database. Over time, there may be a necessity to add a new category of users and this can easily be accommodated by the system. Likewise, tasks can be added, updated or changed. The separate functionality to update the various DWE databases provides a convenient means for the User 9. DWE displays the user selected examination paper Manager and Information Resource Administrator to manage and keep the information in the system up-to-date.
The proposed model is designed to be portable so that it can be implemented in an academic institution with minor modifications. Hard-coding of information is kept to a minimum. For example, the information presented in the Task frame (name of institution, institution logo, welcome message, etc.) are actually dynamic data entities stored in a database to facilitate easy change and support when porting it from one academic institution to another.
Conclusion and Future Work
This paper reports the first phase of our DWE research and development of a working prototype for an academic community. In this phase, we have identified the user categories, their tasks and the information resources needed to perform the identified tasks using the domain of the Information Studies Division at NTU. The prototype provides links to various information resources according to users' tasks as well as a personal space for users' favorite links, publication data and full text files. The DWE offers more than what a digital library normally serves to their members by providing various local as well as remote databases, web resources, folders and personal space for each task by filtering out the irrelevant information resources. In the ever-increasing amount of information resources that are available over Internets and Intranets, the user-centred approach in developing a usable digital library is especially important to overcome the information overload problem by only presenting relevant information resources to meet user needs. The proposed model is portable in order to allow it to be replicated in any other academic institution with minor modifications.
With the basic prototype completed, DWE shall be extended in future phases to incorporate the following:
· To provide special services such as Selective Dissemination of Information (SDI) informing user about new additions to the collection, forthcoming conferences, special interest group list servers, new publications such as books, journals announcement by leading publishers, etc. · To provide statistics for the management to know day to day activities of various categories of users, frequency of usage, frequently used task, information resource, usage time, and so on. · To rank information resources according to the usage of information resources. · To carry out a preliminary evaluation of the prototype and refine DWE, and to extend it to accommodate other Schools and Divisions thereby creating a full-fledged DWE for NTU. · To carry out a comprehensive user study and evaluation of the full environment.
